ABSTRACT
INTRODUCTION
Merelani area in the Simanjiro District in the northeastern part of Tanzania is well known as the only locality in the world for tanzanite deposits, a gem variety of zoisite. This area has been studied by many authors including Downie et al. 1965 , Saria 1973 , Macfarlane 1975 , Grainger 1978 , Cileck 1980 and Malisa, 1987 . There are many areas in Tanzania where gemstones are exploited and this area is thought to be one of the most spectacular for its tanzanite occurrence. (Fig.1 ). Pelitic and calcareous metasediments are associated with tanzanite forming rocks in this area as conformable beds forming part of the late Proterozoic metasedimentary gneisses commonly constituting the hill ranges of the Lelatema mountains. At Merelani these rocks forms patches of outcrops and at some places they occur as low lying hills or tors covered by lateritic soils. They consist of sillimanite/kyanite-K-feldspar-garnet-biotite gneisses and calc-silicate rocks. This study forms part of an investigation of Fe-Ti oxide minerals, their mutual-physical chemical relationships, and their relation to the silicate minerals. The paper deals with metamorphosed magnetite-ilmenite assemblages indicative of low to medium oxygen fugacity (Lindh 1972) . The oxide ore minerals of the gneisses are considered to be of primary origin but we cannot exclude the possibility of secondary ilmenite formation.
The aim of the present investigation was to investigate petrography and how the different mineral groups-silicates and oxides react to metamorphic processes and to elucidate this question chemical analyses of coexisting silicates and oxides were made. The distribution of elements among the different phases was studied. In addition the variation in temperature and pressure by using quantitative geothermometry and geobarometry was carried out. Furthermore an attempt has between made to compare and contrast the tectothermal evolution of the major tectonic units of this area. (1) Longido, (2) Manyara (3) Babati (4) Merelani (5) Lelatema (6) Tiriri (7) Landanai (8) Umba (9) Mvuha (10) Magogoni (11) Namaputa (12) Nabunju (13) A n energy-dispersive spectrometer system (EDS) was used to locate the different micas of the pseudomorphs. Usually some mica crystals from three different parts between the core and rim of the pseudomorph or from different zones were analyzed. Natural minerals were used as standards.
PETROGRAPHY AND PETROCHEMISTRY
The pelitic and semi-pelitic gneisses mainly consist of an equigranular assemblage of quartz + sillimanite/kyanite + K-feldspar + Fe-Ti oxides + garnet and biotite. Mineral assemblages and representative modal analyses are given in Table 1 . Quartz and potash feldspars are the dominant minerals. Feldspars have grain sizes larger than others and do not show any twinning. Sillimanite occurs as subhedral elongated prisms with one set of cleavages, fibrous or needles. Rarely fine-grained muscovite aggregates are present and appear to be secondary alteration or retrograde products Secondary kaolinite is also common. A notable feature is the oxidation on almandine garnets. Garnets are irregular in shape, traversed and rimmed by dark-red to opaque patches. Chemical analyses show these patches to be mixtures consisting of Fe2O3, Al2O3 and SiO2 in varying proportions. In highly oxidized rocks, these oxidation products have completely replaced garnets and formed pseudomorphs after them. Dark-red to opaque Fe-Ti oxides, ilmenite or rutilehematite intergrowths also appear to have resulted by oxidation from original ilmenite. 
Whole rock analyses of the gneisses are given in Table 2 . When compared with the average composition of pelitic gneisses, CaO, MgO. Na2O are low. Al2O3, TiO2, K2O and H2O are comparable, although water is high, contributed by the presence of secondary kaolinite. The significant feature in the chemistry of these rocks is the variable oxidation ratio. In the highly oxidized rocks (rocks no. 40 and 43), garnet is absent and is totally replaced by mixtures of hematite and anhydrous aluminosilicates. Unlike the variation in oxidation ratios related to inherited pre-metamorphic oxygen content (Chinner 1960 , Mueller 1960 , the variation recorded in these rocks appears to be a post-metamorphic feature.
WHOLE ROCK CHEMISTRY
Whole rock analyses (determined by XRF and wet chemical method) of the pelitic and semi-pelitic rocks are given in Table 2 . The outstanding geochemical feature of these rocks is the chemical changes during metamorphism in their relative silica and graphite enrichment, elements (Fe2O3 + MgO + TiO2 < 20 per cent) but conversely rich in Al2O3 as average (16.85 ± 0.5 per cent). They are characteristically depleted in alkali contents, and the dominance of potassium over sodium. The latter occur mainly in the plagioclase, which is seldom more basic than andesine whilst potassium occurs mainly in the potassium feldspar and epidote. FeO is progressively oxidized to Fe2O3. Garnets. The analyses and formulae are given in Table 5A . These are of the unoxidized remnants and consist mainly of almandine and pyrope molecules with minor grossular and spessartine. Ti, which is so common in andradite of calc-silicate rocks, (Koljonen pers. commun.) is absent here. Octahedral Al is slightly in excess of stoichiometric value and indicates that there is no Fe 3+ in the mineral. Compositional traverses showed no zoning. Because of the oxidation of almandine component some enrichment of Mg at the interface with oxidation product is expected but no such variation in Mg within the grain could be detected. A notable feature in these rocks is the effect of oxidation on almandine garnets. Garnets are irregular in shape, traversed and rimmed by dark red to opaque patches. Some of these rims are 3-4 microns thick and in some coalesce into patches on garnet to form skeletal networks. Chemical analyses show these patches to be mixtures consisting of Fe2O3, Al2O3, and SiO2 in varying proportions (Table 5B ). In highly oxidized rocks, these oxidation products have completely replaced the garnets and formed pseudomorphs after them. Dark red to opaque Fe-Ti oxides, ilmenite or rutilehematite intergrowths also appear to have resulted by oxidation from original ilmenite. , 1976) but this can also be due to low temperature -pressure alteration of ilmenite (Bailey et al., 1956 ). The second type of FeTi oxides is given in Table 6B . These are from highly oxidized rocks. Their formulae when calculated on 6(O) showed large departures from ilmenite formula. Hence they are expressed as rutile and hematite mixtures. Although they apparently appear to be single phases, they may consist of submicroscopic intergrowths of rutile, hematite and ilmenohematite. They could have resulted from oxidation of original ilmenite: 2FeTiO3 + 1/2O2 = Fe2O3 + 2TiO2 (1) In rock no. 40, which has the highest oxidation ratio, no stoichiometric ilmenite is found, and the oxide phase is an aggregate of rutile + hematite.
Fe-Oxides. Some analyses of oxidation products of garnets are given in Table 5B . They appear to be mixtures of varying proportions of hematite, quartz, and hydrous aluminosilicates. The oxidation of almandine in the presence or absence of water can occur through reactions: 2Fe3Al2Si3O12 +4H2O + 3/2O2 + = 3Fe2O3 + Al4Si4O10(OH)8 +2SiO2 (2) Almandine Kaolinite 2Fe3Al2Si3O12 + 3/2O2 = 3Fe2O3 + Al2SiO2 + 4SiO2 (3) Almandine Aluminosilicate 2Fe3Al2Si3O12 + H2O + 3/2 O2 = 3Fe2O3 + Al2SiO5 + Al2Si4O10(OH)2 + SiO2 (4) Pyrophyllite Since the analytical totals of the oxidized products are much less than 100, they have considerable quantities of water, so that they could correspond to the mixture of the product phases of reaction (2) or (4). Experiments by Hsu (1968) demonstrate the oxidation effects of garnet. Hsu found that the assemblage hematite-mullite (or sillimanite)-pyrophyllite such as reaction (4) could be produced at temperatures less than 500 0 C and at log PO2 above -20, above the magnetite-hematite buffer. Such high temperature alteration might have occurred in these rocks with probable influx of water.
CONDITIONS OF METAMORPHISM
The almandine-biotite geothermometer is based on the distribution of Fe and Mg between these two minerals. At least three calibrations for this geothermometry exists: the experimental one of Ferry and Spear (1978) , which is based solely on binary FeMg distribution and the two semi-empirical ones whose calibration takes into account the substitution of minor constituents for Ca and Mg in garnet (Thompson 1976, Goldman and Albee 1977) . The garnets analysed were almandine-pyrope with very low contents of Mn and Ca. Because the calibration of Goldman and Albee 1977 may overcorrect for the Mn-and Ca-substitution (Ferry 1980) (Table 7) . The almandine-plagioclase geobarometer were used to estimate the pressure of metamorphism. Compositions of coexisting almandine and plagioclase in an assemblage with quartz and sillimanite and/or kyanite provide an estimate of the pressure attained during metamorphism (Kretz 1964 , Ghent 1976 . Here, pressure attained by the rocks during metamorphism was estimated by the method of Newton and Hasselton 1981. The calculated pressures, ranging from 7.7 to 9.1 kbars, are presented in Table 8 and together with the temperatures in Fig. 2 . ! X An = Ca/(Na + Ca + K) in plagioclase P (N&H) pressure in kbar calculated using the Newton and Hasselton (1981) calibration. Pressure and temperature estimates (shaded area) for the pelitic and semi-pelitic rocks in the Merelani tanzanite mining area. Diagonal lines indicate gross P-T limits based on the presence of kyanite. Al2SiO5 diagram is from Holdaway (1971) .
DISCUSIONS AND CONCLUSIONS
These rocks do show migmatization and, therefore, conditions were above granite solidus. At 6 kbars pressure, to avoid partial melting, temperatures have to be above 700 o C and XH2O has to be at or above 0.6 agreeing well with metamorphic conditions estimated at the Merelani tanzanite mining area. Compared with the average composition of pelitic and semi-pelitic gneisses, CaO, MgO Na2O are low. Al2O3, TiO2, K2O and H2O are comparable, although H2O is high, contributed by the presence of secondary kaolinite. The significant feature in the chemistry of these rocks is the variable oxidation ratio. In the highly oxidized rocks (No. 40 and 43) garnet is absent and is totally replaced by mixtures of hematite and anhydrous aluminosilicates. Unlike the variation in oxidation ratios related to inherited premetamorphic oxygen content (Chinner 1960 , Mueller 1960 , the variation recorded in these rocks appears to be a postmetamorphic.
The temperatures calculated using Ferry and Spear method ranged from 596 0 -727 0 C and those obtained using Hodges and Spear method ranged from 612 0 -743 0 C.
Pressures attained by the rocks during metamorphism using Newton and Hasselton method was obtained by using almandine-biotite pairs. The calculated pressures range from 7.7 to 9.1 k bars. The temperature estimates obtained by using the Hodges and Spear method are slightly higher than those obtained by the Ferry and Spear, but the difference ranges are small. The biotitegarnet pairs provide slightly scattered temperatures since the composition of biotite varies. However, the results obtained are reasonable and in accordance with those reported in granulite facies rocks elsewhere.
